Summary.
The three-dimensional organization of the lymphatics in the dog stomach was studied by scanning electron microscopy of corrosion casts, which were made by direct parenchymal injection of low-viscosity Mercox-resin into the mucosa and the muscular layers. Although the organization of lymphatics in the stomach has been studied by a variety of methods, the origin of the lymphatics and their connection in each layer has not been clearly defined. In this study, using dog stomach because of its structural similarity to the human stomach, we defined the lymphatic structure in all gastric layers, with lymphatics absent in the upper two-thirds of the lamina propria mucosae. They were first encountered at the deepest level of the lamina propria, immediately above the lamina muscularis mucosae. These lymphatics were composed of singlelayered irregular meshes. Slender lymphatics arising from this network passed through the lamina muscular is mucosae and drained into the lymphatic plexus, which was composed of thicker lymphatics at the uppermost layer of the submucosa. Lymphatic valves were frequently seen in this plexus. From this plexus, slender connecting lymphatics with valves extended straight downward without lateral communications and drained into the lymphatic plexus at the deepest layer of the submucosa. This latter plexus, composed of large-caliber lymphatics, issued flattened lymphatics which formed a three-dimensional network in the muscular layer. The subserosal lymphatics were composed of thick lymphatics with tortuous courses and drained into the efferent lymphatics.
The organization of the lymphatics in the stomach has been studied by a variety of methods such as the parenchymal injection of India ink (OIWA, 1963) , vascular injection of silver nitrate with intra-arterial injection of India ink plus silver nitrate (M0RI, 1969), 5'-nucleotidase staining of lymphatics (KATO and GOTOH, 1990) , and electron microscopic observation (LEHNERT et al., 1985; LISTROM and FENOGLIO-PREISER, 1987) . However, these studies did not clearly define the threedimensional structure of the lymphatics.
The lymphatic corrosion casting/scanning electron microscopy (SEM) technique has been applied to the thyroid gland (KOBAYASHI et al., 1976) and the lymph nodes (KUROKAWA and OGATA, 1980) as well as to the digestive tract, which is known to contain many lymphatic capillaries originating with blind ends (TAMURA et al., 1977; TAMURA, 1979; NAGATA and GUTH, 1984; OHTANI, 1987) . However, these studies were conducted in herbivores such as the rat and rabbit, and there have been no reports of any lymphatic corrosion casting/(SEM) studies on the stomach of carnivores. A thorough knowledge of the lymphatics in the stomach is important because the spread of gastric cancer is closely associated with the lymphatic system. We selected the dog for examination in this study because the stomach in this species is known to show macroscopic and microscopic similarities with the human stomach. In this study, low-viscosity Mercoxresin was directly injected into the gastric wall parenchyma of the dogs. Lymphatic casts were made of each layer of the stomach, and the three-dimensional construction of the lymphatic systeme was reproduced.
MATERIALS AND METHODS
Sixty adult mongrel dogs of either sex weighing 10-22 kg were used. The abdomen was opened under anesthesia. After ligation of all vessels and lymphatics around the stomach except for the main drainage arteries and veins, the stomach was resected. The stomach was perfused with distilled water through the left gastric artery and the left gastroepiploic artery to wash out the blood and to induce ample dilatation of the lymphatics in order to facilitate the influx of resin into them. The stomach was opened at the greater curvature. With the use of 27-gauge needles, approximately 0.2-0.6 ml of methacrylate injection medium (Mercox, CL-2B or CL-2R, Dainippon Ink Corp., Japan), which had been previously diluted to 50% (vol/vol) with monomeric methylmethacrylate (Oken, Tokyo) in order to reduce the viscosity, was injected intraparenchymally at differing depths of the stomach wall at 20-30 separate points. Injection was made with hand pressure under careful observation of the spread of the injected medium into the gastric wall.
After the injections, the stomach was immersed in water at room temperature for 12 h for the polymerization of resin. It was then cut into three parts, the cardia, corpus and pylorus, with a razor blade. All of the gastric parts were immersed in 15% KOH solution at room temperature for 6 days to remove the tissue elements. The lymphatic casts thus obtained were washed in water, cut into blocks of appropriate size under a dissection microscope, and air dried. The blocks were mounted on specimen-holders, coated with gold in an ion coater (Eiko IB-3, Eiko Engineering Co., Tokyo) and observed under scanning electron microscope (S-430 or S-450, Hitachi) with an accelerating voltage of 10 or 15 kV.
RESULTS
The injection by intraparenchymal puncture of the low-viscosity Mercox-resin into the stomach wall afforded a good filling of the lymphatics distributed in each gastric layer around the punctured sites. However, filling of transmural lymphatic casts covering all layers was only infrequently obtained. Occasionally, casts were formed by the filling of blood vessels with resin or by the leakage of resin into the interstitial tissues. These casting artifacts, however, were distinguishable from the genuine casts of lymphatics, as the latter presented numerous surface depressions formed by endothelial nuclei about 8,um in diameter.
As there were no differences among the cardia, corpus and pylorus in the basic structure of the lymphatic casts, the findings for the corpus are presented below unless otherwise indicated.
The lymphatics in the lamina propria mucosae
The lymphatic casts of the lamina propria mucosae appeared as a single-layered network with round or polygonal meshes 60-300 um in diameter, formed by lymphatic capillaries approximately 50 um in caliber. This network is tentatively referred to as the "proper mucous membrane lymphatic network" in this paper. The mesh size and the lymphatic caliber of this network in the cardia were larger than those in the corpus and the pylorus. The mesh size and lymphatic caliber respectively measured approximately 120 um and 60 um in the cardia (Fig. la) , 100 um and 50 um in the corpus (Fig. lb) , and 100 um and 35 um in the pylorus (Fig. lc) . The proper mucous membrane network was usually single-layered, but double-layered or greater portions were occasionally observed (Fig. Id) . Examination of the concomitant casts of veins disclosed that this lymphatic network was located immediately under the interglandular venules (Fig. le) at the level of the deep lamina propria mucosae, just superficial to the muscularis mucosa. No cast of lymphatics supplying the luminal side of this lymphatic network were obtained.
The lymphatics in the muscularis mucosae From the proper mucous membrane network, short and straight lymphatics, about 80 um in caliber, sporadically extended into and passed through the muscularis mucosae and drained into the submucosal lymphatic plexus (Fig. 2a-c) . One or two transiting lymphatics, 200 um in length, were observed within an area of about 500 um square. The transiting lymphatics occasionally possessed bicuspid valves (Fig.  2d) .
The lymphatics in the submucosa
In the submucosal layer, three distinct types of lymphatics were observed. At the level of the upper submucosal layer just below the muscularis mucosae, large-caliber lymphatics (200-400 um) formed a polygon-shaped two-dimensional plexus 500-800 um in diameter, which shall be referred to as the "upper submucosal lymphatic plexus" (Fig. 3) . Valves were occasionally seen in this layer (Fig. 3b) . From the bottom of the upper submucosal lymphatic plexus, slender, straight connecting lymphatics about 100am in caliber extended downward and drained into the lymphatic plexus in the lower submucosa (Fig. 4a, b) . These "connecting lymphatics" showed no bifurcations or branchings, and thus no lateral communication with each other. They possessed two or three valves along their course (Fig. 4b, c) . In the lower layer of the submucosa just superficial to the muscularis mucosae, large lymphatics, 300-800um in caliber, formed a lymphatic plexus (Fig. 5) , the "lower submucosal lymphatic plexus". On the mucosal side view, this plexus appeared as a two-dimensional network, 400-800um in diameter. Valves were absent in the lymphatics of this layer.
The lymphatics in the muscularis propria Flat band-like lymphatics, 80um in width and 10um in thickness, extended from the lower submucosal lymphatic plexus and entered the internal muscle layer (Fig. 6a, b) . In the muscle layers, the lymphatics ran horizontally or vertically, forming a threedimensional network (the "intramuscular lymphatic plexus", Fig. 6c ). In the internal muscular layer, the horizontal lymphatics predominated (Fig. 6d) , while in the external muscle layer, vertical ones were more numerous (Fig. 6e) . Valves were occasionally seen in the lymphatics in these layers.
The lymphatics in the subserosa
Observation of the corrosion casts made by intraparenchymal injection into the submucosa disclosed that slender lymphatics extended from the lymphatics of the muscularis externa and drained into the subserosal large lymphatics, referred to as the "subserosal lymphatic plexus" (Fig. 7a, b) . This lymphatic plexus was not completely filled with resin by submucosal injection. In contrast, after intraparenchymal injection into the subserosal space, well-filled corrosion casts were obtained, although casts of lymphatics continuing to the casts of the muscle layer lymphatics were not formed. In the specimens made by subserosal injection, large flat lymphatics ran in an undulating manner in the subserosal space, forming polygonal meshes, and drained into the efferent lymphatics. The three-dimensional organization of lymphatics in the canine stomach as visualized from the present observation is schematically represented in Figure 8 .
DISCUSSION
Parenchymal injection of Mercox-resin into the gastrointestinal tracts was first performed by TAMURA et al. (1977) using the rat stomach. In the present study, lymphatic casts in each layer of the dog stomach were obtained by injecting resin into the stomach wall at several depths. However, it was impossible to form a complete transmural lymphatic cast covering all layers of the stomach. This difficulty may be due to the low pressure of resin injection used to prevent leakage. In addition, the spread of resin into the lymphatics of deeper layers might be blocked by the interposed lymphatic valves.
Earlier light microscopic studies with India ink injection (OIWA, 1963; BALASHOV, 1967) and with Gerota mass injection into the gastric wall (DONINI, 1955) disclosed that lymphatics are present in the interglandular space of the lamina propria mucosae. However, transmission electron microscopic and SEM studies revealed that the uppermost lymphatic is located at the level of the deep lamina propria mucosae, and that lymphatics are absent at the interglandular space (LEHNERT et al., 1985; LISTROM and FENGLIO-PREISER, 1987) . The present study, confirming this view, demonstrated the uppermost casts extending as a single-layered mesh closely above the muscularis mucosae. The discrepancy may be attributable to difficulty in discriminating the true lymphatics from the deposits of injected material in the interstitial space by light microscopic observation.
The absence of lymphatics in the upper two-thirds of the proper mucous membrane appears to be closely related to the spread of early gastric cancer. The particularly low incidence of lymph node metastasis in the subtype of early gastric cancer that remains confined to the mucosa may be related to the rarity of lymphatics in the mucosa.
The lymphatic structure in the muscularis mucosae has not been reported in detail in the literature. In this layer, one or two lymphatics were found within a radius of about 500um. In the rat stomach, lymphatic valves are first encountered in the submucosal lymphatics (OHTANI, 1992) . However, in the dog, the lymphatic valves were first seen in the muscularis mucosae.
The presence of a well developed lymphatic plexus in the submucosal layer has been reported in previous studies (OIwA, 1963; TAMURA, 1979; NAGATA and GUTH, 1984; KATO and GOTOH, 1990) . OIWA (1963) noted a submucosal plexus composed of large lymphatics by the India ink injection method. By the corrosion casting/SEM technique, a two-dimensional lymphatic network was demonstrated in the rat stomach (TAMURA, 1979) . KATO and GOTOH (1990) detected a well developed lymphatic plexus in the monkey stomach by 5'-nucleotidase staining.
In the present study, three different types of lymphatics, specifically those of the upper submucosal lymphatic plexus, the lower submucosal lymphatic plexus, and the connecting lymphatics between these two plexuses, were demonstrated in the submucosal layer. These structures have not been clearly described in the previous literature.
The presence of lymphatics in the muscular layer has been demonstrated by the injection of a fluoresceinalbumin conjugate (NAGATA and GUTH, 1984) and by 5'-nucleotidase staining (KATO and GOTOH, 1990) . By the lymphatic cast method, OHTANI and MURAKAMI (1987) found that lymphatics constituted the polygonal meshes between the inner and outer muscular coat in the rat stomach. In the present study, flattened lymphatics were observed to run both horizontally and vertically among the muscle bundles forming the three-dimensional lymphatic network. In the internal muscular layer, horizontal lymphatics were more numerous than vertical lymphatics, but in the external muscular layer, the reverse was the case. This difference may be due to the morphological feature of these lymphatics generally running parallel to the long axis of the muscle bundles. It is interesting that a similar lymphatic organization has been recorded in the internal and external muscle layers of the small intestine of the dog and the cat in a corrosion cast study (UNTHANK and BOHLEN, 1988) .
After parenchymal injection of resin into the submucosal layer, well-filled corrosion casts of the subserosal lymphatics were impossible to obtain. This may have been because the valves in the transitional area between the muscle layer and the subserosal layer hindered the filling of the subserosal lymphatics with resin. By intraparenchymal injection into the subserosal layer, in contrast, well-filled large flat lymphatic casts were obtained. They ran tortuously in the thin space of the subserosa, forming polygonal meshes, and drained into efferent lymphatics. Lymphatic valves were frequently seen in this layer, as previously reported (OIWA, 1963; NAGATA and GUTH, 1984) .
